Importent to the management of rangelonds is knowledge of the water intake properties of their soils end the effect of soil surface and anopy cover. Using a date base of rangeland infiltration runs covering a wide range of soil end cover conditions, 8 procedure incorpornting the effects of soil properties, soil surface cover, and vegetative anopy on the Green-Ampt hydreulic conductivity paremeter was developed. Test results indiate that the e&meted Green-Ampt peremeters provided good predictions of the mesn final infiltration r&s end volumes for a variety of soil-cover situetions.
WIthout the cooperation of those investigators who provided data given in Table 1 , this study would not have been possible.
In order to predict infiltration with equations [1] or [2] , the antecedent soil water (ASW) needs to be inputted and hydraulic conductivity (K), wetting front capillary potential ('US and the porosity corrected for rocks and entrapped air ($3 need to be estimated. The following are equations used for predicting the parameters based only on soil properties:
Effective Porosity ($3 4c q 4 = (CFC) (Rawls and Brakensiek, 1985) Hydraulic Conductivity
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where K. = saturated hydraulic conductivity (Rawls and Baumer Brakensiek and Rawls (1983) Management changes are reflected in the above parameters only by changes in the bulk density of the soil.
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Methods
An extensive data search was performed to compile infiltration data sets which included detailed soils, ground cover, and canopy cover information. The physical characteristics of the data sets located are summarized in Table 1 . 
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171 effective conductivity (cm/hr) f-1 infihration rate (cm/ hr) total infiltration at the final infiltration rate (CM) accumulated time corresponding to the tinal rate and infiltration amount (hr) integrated value-for the analyses.
Parameter Development
Past research (Moore 1981) has shown that the wetting front capiIlary potential parameter is relatively insensitive in comparison with the hydraulic conductivity parameter. It was thus assumed that ground cover and canopy cover affect only the hydraulic conductivity parameters. Since rangeland conditions reflect long-term climate, cover, and land use patterns, we assumed that all bare soil is crusted and that the bare or covered soil under a canopy has a higher conductivity than the bare or covered soil in the interspace area. In addition, the covered soil has a higher effective conductivity than the uncovered soil surface whether under a canopy or in the interspace area. These assumptions reflect that canopy, ground cover, litter, or surface rocks reduce crust formation. Further, they enhance macroporosity caused by biotic activity and other processes especially in the soil under or around the litter rock soil interface.
We incorporated the canopy and ground cover effect [111 The canopy factor (CF) and macroporosity factor (A) are the only unknown parameters in equation [ 111. In the following sections estimators for these parameters will be developed.
Canopy Factor
The canopy factor (CF) is defined as the ratio of effective conductivity under canopy (K&) to effective conductivity without canopy (K&4.
The Hutten (1984) data set was chosen to develop the canopy factor because it covered a wide range of soil texture, ground cover, and canopy cover conditions (Table 1) and included infiltration runs with and without canopy. A geometric mean KE without canopy was determined for the 4 soils and used to determine CF for each of the 12 treatments. Using the data the following equation was developed relating canopy to CF Since the studies contained various replications at each site, we used the mean site value for soil-ground cover, canopy cover, and the geometric mean effective conductivity which represents an area Macroporosity Factor The macroporosity factor (A) in equation [I I] is assumed to represent an enhancement of the infiltration potential of soil that is covered by rocks or litter (Mehan 1986). The Hutten (1984) , Devaurs (1984) and Thurou (1985) data sets were chosen for evaluating the macroporosity factor because they covered a range of soil conditions including bulk density and ground cover conditions. Using the previously developed CF predictor equation [ 123 we solved equation [ 11) for a mean A for each treatment and then using regression techniques related to A to soil properties resulting in the following prediction equation:
A= e(lBa-0.0BBBA+1.91BD)r*=.g8 n +I
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where SA= %sand BD = 33 KPa bulk density of tine earth soil (U mm) g/ cm3
In fitting equation [ 133, A was constrained to be greater than one because macroporosity was assumed to only increase hydraulic conductivity. Also, since the data did not include soils with less than 20 Yc sand, and the form of equation [13] will produce extremely high A values for soils with less than 20% sand, we would limit the equation to a maximum A value of 18 which was the largest value in the data set. 
Testing
We used the Lane et al. (1987) , Ward and Wood (1982) , Williams ( 1969) and Wood data sets (Table 1 ) to test equations [ 11, 12 and 131 because these data sets were not used in parameter development. Since each data set had different run durations, we predicted the final infiltration rate, total infiltration amount, and the average measured antecedent soil moisture using the Green-Ampt itiltration model equation [ l] from equations [3,4,&a, 11,12, and 131 . The predicted infiltration values were compared with the mean and standard deviations of the observed values for each site. The results of the testing are summarized in Table 2 . Lane et al. (1987) reported infiltration results from studies on large rangeland plots in Arizona and Nevada under simulated rainfall. At each of the 5 sites they had 2 plots evaluated spring and fall for several consecutive years with the following designated treatments:
natural -natural site conditions clipped -all vegetation cut and removed bare -canopy and nonembedded (>5 mm) surface matrial removed
They reported mean final infiltration rates and amounts for the 30 minute very wet run at each site. As they did not measure bulk density it was calculated with the equation reported by Rawls (1983) . Rock, litter, bare soil, under and outside canopy were measured for each AZ plot. The proportion of bare ground beneath the canopy and outside of the canopy was estimated for Dry the NV sites. Soil rock was estimated from their soil report. Table 2 compares the predicted Green-Ampt final infiltration rates and total infiltration amount with the measured mean final infiltration rate and amount at each site and treatment. As shown in Table 2 , predictions for all sites except Mercury bare and clipped were within f 1 standard deviation of the measured mean. Since Lane's sites had very high sand (>65) the macroporosity factor derived from equation [l I] becomes 1; thus this study gives an independent test of the crust and canopy factors in equation [1 11. The natural plots test our procedures for predicting the canopy and crust factors. The clipped plots test our procedure for predicting surface cover factors, while the bare soil plots tested our procedures for predicting crusted soil hydraulic conductivity. The bare plots independently tested the crust factor since the soil surface was primarily bare. Williams (1969) conducted a number of infiltration tests in Utah on pinyon juniper sites in I%7 and 1%8. We stratified the Williams data into 2 groups, intermediate sand and high sand, and the results are shown in Table 2 . The predicted rates and amounts are within the 95% confidence intervals; however, the confidence intervals are very wide and absolute error is up to 100% for the high sand total infiltration. The high sand tests the effect of the canopy and crust factors while the intermediate sand soils incorporates the crust, canopy and macroporosity factors.
Wood conducted infiltration tests on a clay loam soil in New Mexico. We ran predictions on the dry and wet treatments; all predictions except the dry final rate, which could be a result of antecedent soil water conditions, were within the 95% confidence intervals. Ward and Wood (1982) conducted 4 replicate infiltration tests at 17 sites. We subdivided the sites according to cover (grazing sagebrush and pinyon juniper) and dry or wet treatments. The predicted final infiltration rates and amounts were within 95% con& dence intervals; however, the standard deviation of the means are very large (Table 2 ). The numerical error in the pinyon/juniper estimates are 30-50% high.
Regression analysis was performed on the mean measured final infiltration rate versus the predicted final infiltration rate given in Table 2 and the mean measured total infiltration volume versus the predicted infiltration volume given in Table 2 . This analysis indicated that the intercepts and slopes were not significantly different from 0 and 1, respectively, at the 0.05 significance level. This indicates that the model predicts accurate and unbiased estimates of the mean final infiltration rate and total infiltration volume.
Conclusion
A method was developed for incorporating readily available rangeland soil, surface cover, and canopy cover properties into the predictions of the Green-Ampt hydraulic conductivity parameter. The method was evaluated on ten diverse independent rangeland areas and generally predicted the mean final infiltration rate and amount within one standard deviation of the measured mean, indicating that our assumptions and parameter estimators are acceptable. Since the development and testing of data sets did not include high silt soils and grass-dominated vegetative cover, using the proposed procedure may yield questionable results. Also, the proposed procedure yields one of the first quantitative methods for evaluating the relative effects of rangeland treatments on infiltration.
